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COMPOSITE MATERIAL FOR A SENSOR FOR 
MEASURING SHEAR FORCES 

The U.S. Government has a paid-up license in this invention and the right 
5 in limited circumstances to require the patent owner to license others on 
reasonable terms provided for by the terms of grant number 1R4341 853-01 
awarded by the National Institute of Health. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

10 

The present invention is related to a composite sheet material, a method of 
producing this material, and the application of this material as a sensor for 
monitoring and measuring shear forces (or lateral translation). 

15 2. TECHNICAL BACKGROUND 

The need for a thin, flexible shear force sensor has been apparent in 
multiple fields of discipline. The ability to measure shear forces is needed in 
many applications including prevention of pressure sores, neural prosthesis 
feedback and in prosthetic limbs. No product has been successfully engineered to 

20 replace the shear force sensors naturally found in our skin. These natural sensors 
provide vital information back to the brain for both safety and control 
applications. These safety concerns include the prevention of excessive shear 
forces, which have been correlated with the formation of pressure ulcers. The 
control applications include providing sensory feedback for both gross and fine 

25 motor control 

There are three somewhat crude sensors or techniques that have been 
developed to measure shear forces to date, but each of these sensors have their 
own limitations. The most common shear sensor currently produced is based on 
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the principle of a strange gauge. The sensor is made out of metal and must be 
fixed to the object of interest. Even if this sensor was fabricated from a flexible 
material and bonded to the surface where lateral movement was being measured, 
which would be difficult, the basic principle of this type of sensor is to measure 
5 strain, and therefore tension or compression due to the surface becoming longer or 
shorter (e.g., in bending) and does not measure uniform shear stresses whereby 
the entire surface shifts equally with respect to the underlying material. Another 
type of shear sensor has been developed using piezoelectric transducers. These 
sensors are embedded with piezoelectric strips within a device, which is then 

10 dragged along a surface. As the piezoelectric device is dragged along a surface 
the piezoelectric sensors indicate changes in shear forces and therefore changes in 
the surface features. The piezoelectric device, however, does not have a static 
response and therefore can't be used to detect and measure the static shear forces 
that are of most concern. Finally, there are capacitive based sensors. These 

15 capacitive based sensors use relatively stiff sheet and metallic conductors that act 
as a mechanical low-pass filter, effectively distributing the force-induced strains 
among a number of adjacent sites. 

The shear sensors outlined above are interesting, but are not applicable for 
measurement of the shear forces at all locations around a human body or in many 

20 other applications. A small flexible and compliant shear force sensor is still 
needed. It is an object of this invention to provide such a sensor. It is a further 
object of this invention to provide a flexible sensor material to be used in such a 
sensor, and a method of processing such a material. 
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SUMMARY OF THE INVENTION 

The present invention is related to a composite sheet material, a method of 
producing this material, and the application of this material as a sensor for 
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monitoring shear forces (or lateral translation). 

In one embodiment, the present invention includes a composite sheet 
material having an upper and a lower surface comprising an elastomeric matrix, 
which is essentially non-conductive, and discrete electrically conductive elements 
5 ' within the matrix wherein the electrically conductive elements in a region of the 
composite sheet material are arranged into columns, and the orientation of these 
columns are in an essentially organized, non-random pattern with a majority of 
these columns oriented at angles less than about 90° and greater than about. 15° to 
the lower surface of the composite sheet material. 

10 \ In another embodiment, the present invention includes a method of 
producing a composite sheet material having an upper and lower surface 
comprising the steps of molding an elastomeric matrix material which is 
essentially non-conductive containing electrically conductive elements in a mold 
with a defined curvature, aligning the electrically conductive elements 

15 substantially into columns while still in the mold, wherein the majority of 

electrically conductive elements in the sheet when flattened are aligned essentially 
into columns, the majority of columns being at angles less than about 90° and 
greater than about 1 5° to the lower surface of the composite sheet material when 
flattened. 

20 In still another embodiment, the present invention includes a sensor for 

monitoring lateral translation comprising at least two electrical pathways to and 
from the laminate material wherein the laminate material comprises two layers of 
contact material, which are substantially electrically conductive; and a composite 
sheet having an upper and lower surface material interposed between the two 

25 layers of the contact material; the composite sheet material comprising an 
elastomeric matrix, which is essentially non-conductive, and electrically 
conductive elements, wherein the electrical properties of the composite sheet 
material changes measurably with respect to the amount of lateral translation 
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applied to the material. 

Additional features and advantages of the invention will be set forth in the 
detailed description which follows, and in part will be readily apparent to those 
skilled in the art from that description or recognized by practicing the invention as 
5 described herein, including the detailed description which follows, the claims, as 
well as the appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are 
intended to provide an overview or framework for understanding the nature and 
10 character of the invention as it is claimed. The accompanying drawings are 

included to provide a further understanding of the invention, and are incorporated 
in and constitute a part of this specification. The drawings illustrate various 
embodiments of the invention, and together with the description serve to explain 
the principles and operation of the invention. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 . Cross-sectional views of mold for molding composite material. 

20 FIG. 2. Schematic representation showing the alignment of elements in 

section A of the composite material as molded according to 
FIG. L; and further schematic representation more specifically 
showing the detail of the element alignment in the composite 
material of the sub-sections B, C and D as shown. 
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FIG. 3. Schematic representation of the composite material shown in 

FIG. 2 after the step of flattening of the composite material, and 
further schematic representation of the sub-sections of the 
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composite material as shown in FIG. 2 after the step of 
flattening the composite material. 

FIG. 4. A) Schematic representation of a cross section of the sub- 
5 sections of a composite material similar to the composite 

material show in FIG. but using rod-like electrically conductive 
elements; and B) Schematic representation of a cross section of 
a composite material using a spun wire/laminating process for 
producing the composite material. 

10 

FIG. 5. Schematic representation of the composite material of the 
present invention under both normal and lateral forces. 

FIG. 6. Perspective view of a sensor comprising the composite material 
15 of the present invention, and two conductive elements wherein 

A) one of the conductive elements is a multilane element, B) 
one of the conductive elements is formed into two triangular 
shaped patterns, and C) one of the conductive elements is 
formed into two irregularly shaped triangular patterns. 

20 

FIG. 7. A, B) Perspective views of two sensors, which can be used to 
measure lateral forces over 360° in a plane; and C) Exploded 
view of a single sensor, which can be used to measure lateral 
forces over 360° in a plane. 

FIG. 8. Schematic representation demonstrating typical applications of 
the sensor. 
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FIG. 9. Schematic representation of one embodiment of the sensor and 
related electronics of the present invention. 

FIG. 10. Block diagram demonstrating another embodiment of the 
5 present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention is related to a composite sheet material, a method of 

10 producing this material, and the application of this material as a sensor for 
monitoring and measuring shear forces (or lateral translation). 

The sensors of the present invention are preferably capable of 
simultaneously measure both normal and shear forces applied to the sensor. As 
used in this application, this further includes sensors which are capable of 

15 producing signals capable of differentiating both types of forces or combinations 
thereof. Preferably, the sensor of the present invention is capable to determining 
* the three directional components of a force applied to the sensor. The sensors of 
the present invention are further preferably statically responsive, and more 
preferably statically responsive to shear forces. This means when a force, applied 

20 . to the sensor, is not removed (kept static), the sensor is still responsive and puts 
out a signal to represent such a force. 

In one embodiment, the present invention includes a composite sheet 
material having an upper and a lower surface comprising an elastomeric matrix 
which is essentially non-conductive, and discrete electrically conductive elements 

25 within the matrix wherein the electrically conductive elements in a region of the 
composite sheet material are arranged into columns, and the orientation of these 
columns are in an essentially organized, non-random pattern with a majority of 
these columns oriented at angles less than about 90° and greater than about 15° to 
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the lower surface of the composite sheet material. 

The composite sheet material comprises a matrix and electrically 
conductive elements, and preferably comprises an elastomeric matrix and 
electrically conductive elements. The matrix being essentially non-conductive. 

5 Preferably, the matrix is a material that substantially recovers its original shape 
and size after removal of a deforming force. By way of example but not 
limitation, the matrix can be formed from materials including silicone rubbers, 
rubbers, thermoplastic polyurethanes, and other resins and combinations of those 
resins know to those skilled in the art. Also preferably, the elastomeric matrix is 

10 essentially non-conducting. By essentially non-conducting, it is meant that the 
matrix can be non-conductive, weakly conductive or semi-conductive, however, 
preferably the matrix is non-conductive. Preferably, the matrix has a tensile 
modulus @ 100 % elongation of less than about 5000 psi, more preferably less 
than about 1500 psi, still more preferably less than about 1000 psi, and most 

15 preferably less than about 500 psi. 

The electrically conductive elements within the matrix material of the 
present invention include but are not limited to particles, and asicular or rod like 
structures of nickel, iron, cobalt, copper, silver, alloys thereof, and ferrites. Also 
included are particles that are only conductive on their surface including any type 

20 of non-conductive or essentially nonconducting material that has been coated 
with a conductive coating. Most preferably, the electrically conductive elements 
of the present invention are a nickel-silver alloy. Examples of conductive 
coatings include but are not limited to metals such as silver, gold, platinum, and 
• copper. The electrically conductive elements within the matrix material 

25 preferably are from about 0.01 to about 50 percent by volume of the composite 
material, more preferably from about 0.5 to about 30 percent by volume of the 
composite material and most preferably from about 1 to about 20 percent by 
volume of the composite material. While the elements can be of any shape such 
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as irregularly and regularly shaped particles, flakes and rods, preferably the 
particles are spherical or near spherical in shape. Further preferably, the particle 
diameters are in" a range from about 0. 1 to about 2000 micrometers, more 
preferably from about 1 to about 1000 micrometers, and most preferably from 

5 about 10 to about 500 micrometers. 

In one embodiment of the present invention, the composite sheet material 
is produced by molding a matrix material, which is essentially non-conducting 
and contains electrically conductive elements in a mold, such as the mold shown 
in FIG. 1. Preferably the thickness of the composite sheet material is from about 

10 10 to about 5000 micrometers, more preferably from about 100 to about 2000 
micrometers, and most preferably from about 100 to about 1000 micrometers. In 
molding the composite sheet material, preferably the material described above is 
fed in a fluidic uncured state into a mold 10. FIG. 1 . shows an end view 12 of the 
mold 10, shows a top view 14 of the mold 10, and shows a side view 16 of the 

15 mold 10. The material in the mold 10 is subjected to a very large and uniform 
electromagnetic field 1 8 represented by the arrows in FIG. 1 . The magnetic flux 
lines of this field 18 are used to align the free flowing electrically conductive 
elements to into columns aligned parallel to the electromagnetic field 18. The 
composite sheet material is then cured or the temperature is reduced in order to set 

20 the alignment of the electrically conductive elements. Depending on the curved 
region or curvature 20 (one section 26 being identified in FIG. 1) of the mold, this 
process can be used to produce a sheet material which when flattened in the 
curved region 20 produces a range of angles of the columns of electrically 
conductive elements to the upper and lower surfaces of the composite sheet 

25 material. The shape of the mold 10 is designed such that the composite sheet 
material is the inverse relationship of the desired aligned electrically conductive 
elements in the composite sheet material. One of the attributes of this invention is 
the design of a process which allows the electrically conductive elements in the 
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composite sheet material to be set or cured in a non-linear orientation rather than 
attempting to change the electromagnetic field into a non-linear field. 

In designing the mold 10 in FIG. 1., one of the preferred embodiments is 
to have a linear change in alignment of the electrically conductive elements or 

5 columns with respect to the location of the column in the composite sheet 

material. To do so, a mold 10 is preferably designed where starting at the center, 
the columns are aligned perpendicularly to the bottom surface of the composite 
sheet material, and for each given distance x to each side, the angle of the 
corresponding column is some factor m times that x distance. While omitting the 

10 associated analysis, preferably the mold is designed in the shape of a half-circle 
20. The mold 10 is preferably designed with a "pill" shaped 24 longitudinal 
profile shown in FIG. 1. Additionally, preferably a "moat" 22 is designed into the 
mold 10 as shown in FIG. 1 to accommodate spillover during molding. 
It is envisioned that other processes could be used to process the 

15 composite sheet material of the present invention. Those include variations of the 
processes described in U.S. Patent Nos. 4,778,635; 4,923,739; 5,045,249; and 
5,313,840, which are herein incorporated by reference, but are not limited to 
variations of those processes. The variations of these processes include using the 
manufacturing techniques described in those patents with a magnetic field with 

20 angularly varying flux lines. This would, however, not be the preferred method 
since producing this non-uniform type of magnetic field would be both very 
difficult and expensive. Another process, which can be used is to create such a 
composite sheet material by alternatively winding thin flexible materials and thin 
electrically conductive wire around a mandrel to create a similar composite sheet 

25 material with the electrically conductive elements aligned in a similar fashion. 

FIG. 2 a), is a schematic representation of a cross-section of section 26 
identified in FIG. 1 a). Three sub-sections B 32, C 34, and D 36 are identified in 
FIG. 2 a). FIG. 2 b). shows in greater detail the alignment of the electrically 
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conducting elements in the composite sheet material. In the particular 
embodiment represented by sub-sections B, C, and D the electrically conducting 
elements are spherical in shape and have been aligned parallel to the magnetic 
field applied as represented in FIG. 1 . 

5 , FIG. 3 is a schematic representation of the composite material shown in 
FIG 2 after the step of flattening of the composite material, and FIG. 3. is a more 
detailed representation of the alignment of the electrically conducting elements 42 
across the flattened composite sheet material 40. The composite sheet material 40 
in some embodiments of the present invention can be flattened just by removing 

10 the material from the mold and placing it on a surface through gravity (if the 

composite material is thin and flexible). However, in other embodiments using a 
more stiff, less pliable composite material, the composite material can be flattened 
by methods know to those skilled in the art including the use of heat and/or 
pressure. It should be noted that when such composite sheet materials are 

15 processed by additional application of heat and pressure, preferably care should 
be taken not to significantly disturb the orientation or. alignment of the electrically 
conducting elements in the composite material. FIG. 3 shows a composite sheet 
material 40 wherein the electrically conductive elements 42 in a region, in this 
example section A 26 from FIG. 1 ., of the composite sheet material are arranged 

20 into columns 44, and the orientation of these columns are in an essentially 
' organized, non-random pattern with a majority of the columns 44 oriented at 
angles 46 less than about 90° and greater than about 15° to the lower surface of 
the composite sheet material. 

FIG. 4. A) is a schematic representation of a cross section of the sub- 

25 sections of a composite sheet material 40 similar to the composite sheet material 
40 shown in FIG. 3 B) but using rod-like electrically conductive elements 50 
described above. The rod-like electrically conductive elements 50 are aligned 
into columns in an essentially organized, non-random pattern with a majority of 
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columns 44 oriented at angles less than about 90° and greater than about 15° to the 
lower 58 surface of the composite sheet material 40. FIG. 4 B) is 'a schematic 
representation of a cross section of a composite material using a process whereby 
individual electrically conductive elements span at least 50%, but more preferred 
5 at least 75%, or most preferred at least 90% of the material thickness, including 
but not limited to a spun wire/laminating process described above for producing 
the composite sheet material 40. The composite sheet material 40 having 
individual electrical elements 52 functioning as aligned columns 44, the majority 
being oriented at a range of angles less than about 90° and greater than about 15° 

10 to the lo wer 58 surface of the composite sheet material 40. FIG. 4. represents just 
two of the possible embodiments for alternative electrically conductive elements 
and processes which can be used to produce the materials and sensors of the 
present invention. 

Another unique feature of a number of embodiments of the present 

15 invention is represented in the schematic shown in FIG. 5. This unique feature is 
the ability of the sensor to measure both normal and shear forces at the same time. 
FIG. 5. is a schematic representation of the behavior of the electrically conductive 
elements 42 in the composite sheet material 40 of the present invention under 
both normal 66, 68 and/or lateral forces 70. Under a normal force 66, the matrix 

20 material 72 about the electrically conductive elements 42 in the composite sheet 
material 40 is compressed resulting in the electrically conductive elements in that 
region of the sensor being in contact, whereby contact is defined as electrically 
connected and not necessarily physically touching, with each other (those 
columns where the electrically conductive elements are in contact with each other 

25 being represented by the black columns of electrically conductive elements 74 in 
the schematic). The composite sheet material under an additional normal force 68 
results in additional columns 80 of electrically conductive elements coming into 
contact with each other as a result of the larger normal force 68 being translated 
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across the composite sheet material 40. The composite sheet material when under 
both a normal force and a shear force 78 results in a shift, in the direction of the 
shear or lateral force, of the columns of electrically conductive elements, which 
come into contact with each other. 
5 FIG. 6. are three perspective views of different embodiments of a sensor 

comprising the composite sheet material of the present invention. The sensor 86 
comprising at least two electrical pathways 81 leading to and from a laminate 
material 82, and the laminate material 82 comprising two layers of contact 
material (or conductive elements), i.e., a upper layer 84 and a lower layer (not 

10 shown). The upper layer 84 (or conductive element) is formed from multiple 
conductive lines, see FIG. 6 A) across the top surface of the laminate, and the 
lower layer preferably formed from a solid conductive layer. The upper layer 84 
and lower layer being printed with conductive ink or by some other technique 
know to those skilled in the art on the respective surface of the composite sheet 

15 material 40. FIG. 6 B) is another embodiment of the sensor 86 described above 
except that the upper layer 84 (or conductive element) is formed by two 
conductive triangular patterns 88 on the upper surface of the composite sheet 
material 40. FIG. 6 C) is still another embodiment of the sensor 86 described 
above except that the upper layer 84 (or conductive element) is formed by two 

20 irregular conductive triangular patterns 90 on the upper surface 84 of the 
composite sheet material 40. 

FIG. 7. represents several embodiments of an overall sensor 92 required to 
measure stress or forces in all directions. FIG. 7. shows a sensor comprising at 
least two electrical pathways 91 to or from a laminate material 93. FIG. 7 A) is a 

25 sensor 92 comprised of two of the sensors 86 shown in FIG 6. In FIG. 7 A) two 
of the sensors 86 shown in FIG. 6 are placed side by side and formed into a sensor 
92 which can measure both normal as well as shear (or lateral) forces in all 
directions. FIG. 7 B) is a different configuration of such a sensor 92. In FIG. 7 
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B) a laminate 94 is formed by stacking two layers of composite sheet material 40 
about a conductive sheet layer (or contact material) 96 and then applying both 
upper 98 and lower 99 surfaces of contact material in patterns similar to those 
described for the upper surface in FIG. 6 B). Of course, the contact material for 

5 the upper 98 and lower 99 surfaces of this laminate could have patterns similar to 
those described in FIG. 6 A) and C) or of a pattern known to those skilled in the 
art which would function equivalently. FIG. 7 C) is still a different configuration 
of a sensor 92 which can measure both normal and lateral (shear) forces. In FIG. 
7 C) the composite sheet material 102. is comprised of a composite material 

10 wherein the columns of electrically conductive elements 1 03 radiate from about 
the center 104 of the composite sheet material 

FIG. 8 shows the sensors of the present invention in a number of 
applications. For medical applications, the sensors can be used in hospital beds 
1 10 or mattresses 1 10, in shoes or athletic footwear 1 12, on prostheses 1 14 or in 

15 wheel chairs 116. Furthermore, the sensor of the present invention has 

application anywhere it would be helpful to measure shear and/or normal forces a 
person, a device or an article might undergo. The sensor of the present invention 
would be helpful in designing any object or devices which undergo a series of 
shear and/or normal forces during regular use of the object or device. By better 

20 understanding these shear and/or normal forces, changes can be made in the 

object or device to improve the performance for the user. One method of using 
the sensors of the present invention in designing an object or device has a number 
of steps. The first step is to apply at least two, flexible compliant sensors capable 
of simultaneously measuring both shear and normal forces to locations on a 

25 prototype or existing design of an object being designed. In particular, it would 
be helpful to place the sensors in locations particularly prone to the largest shear 
and/or normal forces during use or application. The prototype is then to be used 
in a typical application, or under certain desired test conditions over a certain test 
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time period. The prototype can be a newly designed object or device, or an 
existing object or device to which improvement is hoped to be made. During the 
test time period, both the shear and normal forces encountered at the sensor 
locations are measured. The design of the object or device is then modified in 
5 part based on the measured forces encountered by the prototype in the typical 
application or under those specific testing conditions. 

A specific example of the method described above would be the use of 
these types of sensors in the design of athletic footwear. In designing athletic 
footwear, sensors of the present invention (or other sensors developed at a later 

10 date by those skilled in the art which can measure both shear and normal forces) 
are placed in locations on one or more articles of footwear at locations where it is 
desirable to better understand the forces encountered by a person wearing the 
footwear or to better understand the forces encountered under certain conditions. 
The footwear is used in a typical application (such as being worn by a test subject 

15 in an athletic event, e.g., basketball game, hockey game, baseball game, football 
game, soccer game, etc.) by a person, or is machine tested under specific testing 
conditions over a test time period. The test time period is that period of time over 
which data about the forces encountered in an application or under specific testing 
conditions is gathered, which is necessary for a person skilled in the art to 

20 understand so as to modify or re-design the object or device, i.e., the athletic 
footwear. During at least part of the test period, the shear and normal forces 
encountered at the sensor locations in the athletic footwear is measured, and the 
measurement data is used at least in part to modify or re-design the athletic 
footwear. It is understood that many factors take place in the design of objects, 

25 articles or devices, some of the factors being more subjective such as appearance, 
etc, but the present invention provides a method of design which takes into 
account the physical factors encountered by an object, article or device and allows 
for a re-design or modification which reduces the effect of these physical factors 
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on the user, or reduces the magnitude of these physical factors on the object, 
article, or design themselves. 

The sensors can be used to design or in medical devices, footwear 
including athletic footwear, consumer goods, manufacturing equipment, robotics, 

5 for processing, in household furnishings, and in the design or in any type of object 
or device known to someone skilled in the art. The sensors can be used to design 
or in everyday applications, consumer applications, in medical applications 
including uses by patients, consumer applications, and in any other applications 
know to those skilled in the art. 

10 FIG. 9. is a schematic representation of one embodiment of the sensor and 

related electronics of the present invention. The sensor 120 responds according to 
the forces exerted against the sensor. The sensor 120 is placed at a probable high 
pressure point, for instance, under the seat cushion on a wheelchair of a 
paraplegic at points where the ischial tuberosity, coccyx and/or trochanter locate 

15 when a paraplegic is seated on the wheelchair. For a diabetic it can be located on 
the heal, hallux or metatarsal heads. Advantageously, multiple sensors 120 may 
be used. It is not necessary that the sensor 120 be in actual contact with the skin 
of a person for it to adequately respond to a pressure exerted on the skin. The 
sensor 120 can be embedded within an object or device without significantly 

20 affecting its operation. This is accomplished by properly calibrating the sensor 
120 to allow for force distributions through the device the sensor is embedded 
into. The sensor 120 sends multiple signals corresponding to the normal and/or 
shear forces exerted on the sensor 120 to a microcontroller (not shown) by way of 
the sensor lead(s) 1 22 (or electrical pathway(s)). In this embodiment, the sensor 

25 lead 122 terminates at one end with a sensor connector 124 for connection to the 
controller housing 128. The lead connector 126 can be optionally added to reduce 
the size of the sensor 120 thereby reducing the cost when the sensor 120 needs to 
be replaced. In other embodiments, two or more sensors 120 can be used in 
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which case the sensor connector 124 can be any suitable connector know to those 
skilled in the art. A controller 130, such as a personal computer, connects to the 
controller housing by way of interface cable 132. Advantageously, interface 
cable 132 is optically coupled, electronically isolated data cable. The interface 

5 cable 132 terminates at one end in a cable plug 134, which can be a miniature 

phone plug, for connection to the controller housing 128 and at the other end in an 
isolating connector 136 for connection with the personal computer or controller 
for programming. The personal computer can be used to collect and/or analyze 
the data, or to activate an actuator 140. 

10 FIG. 10. is a block diagram of one embodiment of the present invention. 

The microcontroller 200, non- volatile memory 202, serial interface 204, signal 
conditioning filter 206, and user interface 208 are located in the controller 
housing 128. The microcontroller 200 controls the device executing monitoring 
algorithms, periodic sampling of the sensor 120, generating signals to an actuator, 

15 and recording events of interest. A non- volatile memory 202 maintains a 

complete record of events and stores values for the level and duration of both 
normal and/or shear forces, and the duration of the relief from pressure, which 
were programmed therein. The signal conditioning filter 206 may include one or 
more operational amplifiers (not shown). The operational amplifier provides 

20 electrical isolation between the sensor(s) 120 and the other components, thus 

providing additional safety for the user by reducing the hazard of electrical shock. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the present invention without departing from the spirit 
and scope of the invention. Thus, it is intended that the present invention cover 

25 the modifications and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 
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